ATION CHANGED

q{'---.-— ~
ean -

CLA

v

-

'UNCLASSIFIED

& A LR

=
m
oy

Date__._

EARCH MEMORANDUM

for the

]
3
Air Materiel Command, Army Air Forces

HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A 1/7-SCALE

;&, 29CH
A28

o

o 4y e 9 e

MODEL OF THE NORTHROP YB-9 ATRELANE

By Robert C. Robinson

Ames Aeronautical Laboratory
Moffett Field, Callf.

CLASSIFIED DOCUMENT
This document contains classified information affecting the
" *National Defense of the United States within the meamng of
the Espionage Act, USC 50:31 and 32. [is transmission or the

———‘———-5—"’“_&—_ revelation of its contents in any manner to en unautherized
CONTAINS PR RIET Information so ctassified may be

person is prohibited by law.
E—:lNFGRN‘ﬁ"ON. —‘t imparted only to persons in the miftitary and naval Services of

' 7

t

M
ty of
W2 AP SN

thori

WAIVED

the United States, appropriate civilian officers and employaes
of the Federal Government who have a legltimate [nterest
therein, and to United States cltizens of known loyaity and
discrstion who of necessity must be Informed thereof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

MAR 24 194/ N A C A LIBRAKYL

LANGLEY MEMORIAL AKRONA

Lapciey Fiid, Vat




r R

RACA RM No. ATC13 SESTRICTED
NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

for the
Air Materiel Command, Army Air Forces
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By Robert C. Robinson

l SUMMARY

Tests were conducted to find the effects of compressibility on
the longitudinal stability and control of a l/ T-scale semispan
model of the Northrop YB-49 airplane. Lift, drag, pitching moment,
and elevon hinge moments were measured and are presented in graphi-—
cal form. The resulte show that, due to a loss of 1lift on the out—
board portion of the wing, the longitudinal static stablility
decreased rapldly as the Mach number increased above 0.725 and
for Mach numbers above 0.735 the model experienced a climbing
moment at positive 1ift coefficients. Also, longitudinsl-control
effectiveness began to decrease at & Mach number of about 0.T725.

INTRODUCTION

The Northrop YB-U9 airplane is a jJet—propelled modification
of the XB-35 airplane and is powered by eight TG—180 engines.
Extensive low-speed wind—tunnel tests of models of the ZB-35
airplane have been reported in refsrences 1 and 2, but, since
the Jet—powered ¥YB—U49 will sttain appreciably higher speeds, it
was considered desirable to test a model at high Mach numbers
in order to find the effects of compressibility on its longi-—
tudinal stabiliity and control. Accordlngly, at the request of the
Air Materiel Cammand, U. 8. Army Alr Forces, a 1/ T-acale semispan
model of the YB-U9 airplene was tested in the Ames 16-Foot high-—
speed wird tunnel.

The half-span model was mounted with 1ts plane of symmstry at
the wind—tunnel well and wilith no supporting members inside the test
section, Lift, drag, pitching-moment, and elevom hinge-moments
were measured at several angles of attack and Mach numbers. This
report describes the effects of compreessiblility on the above

[
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characteristics and on the effectiveness of the longitudinal-control
surfeaces. '

MODEL

The model, furnighed by Northrop Alrcraft, Inc., was a modifi-—
cation of the XB-35 model used for . the teats reported in reference
2. The structure of the model conslsted of & steel box spar and
plywood ribs covered with a plywood skin. All supporting members
were outslde the tunnel., Two control surfaces were provided, an
elevon which extended from 38.2 to 75.9 percent of the semispan
from the plane of symmetry, and a longitudinal trim flap which
extended from 75.9 percent of the semlispan to the wing tip. The
elevon, which was equipped with an electrical strain gauge and a
remote—control positioner, had an intermally sealed balsnce,the
chord of which was aprroximately 40 percent of the elevon chord aft
of the hinge line. The airplane duct system was represented with
the entrance bullt to scale and the total exit area to scale but
made up of three Jjet tubes instead of four tubes as on the alrplane.
During these tests the ratioc of duct entrance velocity to free—
gtream veloclty was approximately O.21. There were two vertical
fins on the model, cne Just outboard of the Jet tubes and the other
on the inboard side of the Jet tubes. Doreal fins extended forward
on the uppor surface to the 10-percent-chord line. The fins can be
seon in figure 1, which shows the model mounted in the 16-foot wind .
tunnel, and In figure 2 which is a drawing of the model. The more
important dimensions of the half-span model are as followa:

Wing area of model, square feet . . + « « « « » « « « - » . 40.82
Span of model, feet . . & v « & 4« ¢ o o & o s ¢ 2 o o s o o 12.30
Wing chord at root, feet « « © ¢ ¢ ¢+ ¢ ¢« ¢« ¢ ¢ o o o « o+ « 5.36
Wing chord at tip, feet . . &+ &« ¢« v ¢ ¢ ¢« ¢ ¢ « ¢ ¢ o o o = 1.33
Moan aorodynemic chord, feeb « + ¢« ¢« o« ¢ o s ¢ 4 ¢ ¢ ¢ o & 3.75
Sweepback of 25-percent—chord line, degrees . . . « « . « » 23.12
Dihedral of 25-percent—chord line, degrees . . « « « ¢« « - » 1,00
Twist about 25-percent—chord line, degrees washout . . . , . 4,00
Airfoil scction at oot .+« &« « « + » « « « « « o NACA 65(318)—019
Arfoil sectionat tip . « ¢ » ¢« + ¢ « « o +» « « . NACA 65,3-018

Elevon chord, percent wing chord (approX.) « « « « o+ o « » « « 18
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Elovon Spam, FOOt v v i « « o'e o o o o 5 s s o o o o o o =« HT5

Elevon balance, percent of elevon chord aft of hinge
1306 (B.DTOZ.) « ¢ « 4 « + o ¢ o + o o s o o o o 2 o o o o . HO

Mesn of squared elevon chorde, sqguare feet . . . . . . . . . 0.309

SYMBOLS

The symbols uged 1n this report are defined as follows:

v fres—stream veloclty, feet per second
vy indicated airspesd, Imots B
o} mass density of ailr, slugs per cubic foot

free—stroam dynamic pressure (gpvzj pounds per square foot

M Mach number corrected for blockage due to the model
7 -,

) v ll
Kspeed of somd/
Mg uncorrected Mach nvmber
S wing area, square feet

M.A.C. mean serodynamic chord, feet

Ce? riean of the sjuared elevon chords, square feest
bg span of elevon, feet
1ift
1ift fficlent
C’L coe clen =
Cp drag coeifficient Q-_I‘q_:élg_

pitching moment about \

tho center of gravity
pitching-moment coefficlent d
- e . \ o5 M.A.C. /
/ -
Che elevon hinge-mament coefficient |{ elevon hinge moment)
4 CgZ bg
a angle of atitack of root chord corrected for Jel—~boundary

effects, degreecs
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Oy uncorrected angle of attack of roct chord, degrees
Ao an;le of attac: increment; degrees

ACp drag coefficlent Increment

Bg elevon deflection, degrees {Positive when trailing edge is
down., )
By longitudinal trim flap deflection, degrees (Poaitive when

trailing edge is down. )

c.2.' longitudinal center—ocf-gravity location for neutral
stability, stick fixed, percent of M.A.C.

4 sapecific heat of air at constant pressure divided dby
specific heat of air at constant volume

CALITBRATION AND CORRECTIONS TO DATA

The dynamic pressure callbration used in these tosts was
obtained from a statlic pressure survey of the test section with
the tunnel empty except for the survey apparetus, and the calli-
bration was corrected for the blockage due to the model. As this
correction was applled to the Mach pumber and to the dynamic
rressure before the model testa, It was not neceseary to corrcct
the .coefficlionts for a change In dynamic preassure as was done in
reference 3, which discusses the method of callbration and the
hlockage correctlions. The blockage correction was

vhere

K = 0.00637 + 0.0545 Cp

Moments were computed about a centor-of-gravity at 25 percont
of the mean aerodynamic chord and on the root chord linc. Correc—
tions to the angle of attack and drag coefflclent duo to the Jet
boundary were calculated from the charts of reoferonce 4 and applied
to the data. The correctiomns wore:’

Ha = 1.125 Cg,, degroos

ACp = 0.0197 Cr2
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EESULTS AND DISCUSSION
Lift and Longitudinal Stabllity

The effects of compressibllity on the serodynamic character—
istice of tho YB-U9 model, as shown by the tests in the 16~foot
high~spoed wind tunnel, began to appear at a Mach numbor of sbout
Q.70 and were marked at & Mech number of 0.775. Figuro 3 shows
curves of angle of attack, pitching-moment coefflcient, and elovon
hinge-momont cocfficiont against 1ift coefficlent at four elevon
angles for Mach numbers from 0.40 to 0.725. TVibration of the
elevon prevented the measurcment of hinge moments at higher Mach
numbers, but by rigldly restreining the slevon at both ends it was
possible to teke force data up to a Mach number of 0.775. Lift
and pitching-moment data with the elevon restralned ars rresented
in figure 4. The variation of pitching-moment coefficient with
1ift coefficlent in figure L(a) shows longitudinal instability
beginning at a 1ift coefficient of a&bout 0.35 and a Mach numbor
of 0.70. At higher Mach mumboers the instablllty progressos to
lower 1ift coefficients, being sirong at a Mach numbor of 0.775
and zero 1lift. The lift—curve slope was also much reduccd at a
Mach number of 0.775. Tuft studics showed that the instability
resulted from stalling of the outboard portion of the wing, while
1ift was mainteined over & larges area neoar the root. Figurss 5
and 6 prosent tuft pictures for uncorrected angles of attack of
20 and 4°, It is apparent that at 20 the tip stall occurred
between Mach numbers of 0.75 and 0.775, vwhile at kO it occurred
between 0.725 and C.T5.

The variation with Mach number of lift coefficient, pitching--
momont coefficlent, lift—curve slops, end longitudinel staebility
is shown more clearly in figure 7. Curves of 1ift coefficiont
against Mach number are presented for constant angles of attack
from -2° to 6° and pitching-moment coefficiecnt against Mach
number is presented for congstant 1ift coefficients from -0.10 %o
0.40. In the range of model attitudos covered, tho Mach numbers
of 1ift and pitching-moment divorgence varied from about 0.72 to
0.675. The curves of pitching-moment coefficlent agalnst Mach
number in flguro 7 show & climbing moment at all positive 1ift
coofficlents for Mach numbers sbove 0.735 due to tho loss of
11ft on the outboard pert of the wing at the higher Mach numbors.
Lift-curve slope and ceonter—of—gravity position for neutral
stability arc shown for level-Fflight 1ift coefficionts (160,000
1b gross weight) and zero pliching moment at altitudos of seca
level, 25,000 fest, and 35,000 feet. At sea lovel the lift-curve
slope reached a maximum of 0.094 por degree at a Mach numbor of
0.725 and theon decreased rapidly with increasing Mach number as
the outer portion of tho wing stalled, The stick-fixed neutral
point reached its most rearward position (34 porcent of tho
M.4.C.) at a Mach nunber of 0.725 and then moved rapidly forward
with increcasing Mach number. At 25,000 feot altitude the variation
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of lift-curve slope and noutral point with Mach number was little
different from that at sea level, but at 35,000 feet tho breeks in
the curves occurred at a somevhat lower Mach number.

The variation of clovon anglo and olovon hinge-momont coof—
ficiont for balance with indicated airapoed is shown in figuro 8
for threc altitudes and threo modol conditions choson to show the
effocts of trim-flap defloction and boundary-layer transttion on
tho stabillity of the modol. The curves show tho prosence of stick—
fixod stebility ovor most of the speod rengc for all tho conditions
shown except at tho highor spoocds whore thore 1s a small region of
instebility followed by éxtromo stablility. Tho extromo stlck—fixod
stability at the highor Mach numbers is evidently duu to the loss of
elevon effectivensss which is shown in a later figure. The effoctas
of trim-flap doflectlion on the varlation of elevon angle for bal-—
ance with airspeed varied with altitudo. At sca lovel the main
effect was a reduction in stick—-fixod stabllity, while at tho higher
altitudes tho stability was incroasocd at the lowor spcods, followed
by a region of roduced stability. At tho highost spcods tho offocts
of the trim flap wore small. Fixing the boundary—layer transition
on the upper surface at 15 porcont of tho chord had an effoct
similar to that of thoe small deflection of the trim flap. The
variation of elevon hingo-moment with alrepeed indicated stlck—frco
stability over the spoed rangc covered in tho test, and tho stablilitly
incroased with increasing altitude. Deflection of the trim flap
affoected the hinge-moment coeffliclent in much the sameo mannecr as it
did tho elevon anglo for balance. Flxing the boundary-—-layor transi-—
tion at 15 percont of the chord on the wuppor surface docreoased tho
gtick—Lreo atability slightly over most of tho spced range.

Longitudinal Control

Figure 9 prescnts the variation of pliching-moment coefficient
and elovon hinge-momont coefficlent with elovon anglo at constant
1ift coefficients for Mach numbers from 0.40 to 0.725. Hinge
moments werc not measured at Mach numbers high enough to show any
pronounced effects duc to compressibility, however, for necgativo
olovon angles the curves show an Increased ncgative valuc of
BChO/SBG at a Mach number of 0,725, indiceating tho beoglimning of
a decrecasc in balance effectivoneas. The variation of pitching—
momont coefficient with elovon anglc for Mach numbors of 0.70 to
0.775, with tho elovon rigidly restrained, is prosontod in
figure 10; and in figure 11 tho affocts of longltudinal—~trim—flap
defloction on pitching-moment coefflclient are shown. Elovon and
trim—-Flap effectivenoss were measurcd from figures 9, 10, and 11
and are piotted againot Mach number in figurec 12. Tho date indl-
cate that at zcro 1ift coefficliont & rathor rapid docreasc in
olovon effectivencss hegen at a Mach numbor 0.725, while at a 1if%
coofficient of 0.4 an incresse In effectiveness began betwoon Mach
numbers of 0.65 and 0.70. However, thesc values arc for zoro
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elevon deflection, and the curve of pliching-moment coefficient
agalnst elevon angle for a 1lift coefficient of 0.4 at 0.725 Mach
number in figure 10 shows that at small elevon deflections the
effectivencss was reduced and it may be expected that the elevon
effectiveness will decrease rapidly as the Mach number increases

above M = 0.725. The trim flap slso began to lose effectiveness
at a Mach number of 0.725.

Drag Characteristics

The varlation of drag coefficlent with 1ift coefficient for
geveral Mach numbers is presented in figure 13. The drag coeffi-
cient at zero lift and 0.40 Mach number (Reynolds number about
8.5 x 10®) was 0.01l1 compared with 0.012 reporied in reference 2
for a Magh number of about 0.12 and a Reynolds number of about
T.5 X 10~.

CONCLUSIONS

The results of tests of a 1/7-scale model of the YB-hg air—
plane in the Ames 16-foot high~spsed wind tunnel led to tho
following conclusions:

1. Static longitudinal instability began to appesr at 0.70
Mach number and =& lift coefficlient of 0.35. At level-flight lift
coefficients the etabllity decreased rapldly ss the Mack number
increased above 0.725.

2. The loss of 1ift on the outboard portion of the wing
resulted in a climbing moment for all .positive 1ift coefficlents at
Mach numbers sbove 0.735.

3. The effectlveness of both the elsvon and the longitudinal

trim flap began to decrease with increasing Mach number st Mach
numbers between 0.70 and 0.725.

Ames Aeronautical Laboretory,
National Advisory Committee for Aeronsutics,

Moffett Fleld, Calif, .

n . Robert C. Robinson,
d % Aerconaeuntical Engineer.
. YARY. &W<

Aeronautical Engineer.
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FIGURE LEGENDS
Figure l.,— The 1/7—scale semispan model of the YB-U9 airplane
mounted in the Ames 16-foot high~speed wind tunnel. (a) Rear
view. (b) Front view.
Figure 2.— The 1/7-scale semispan model of the Northrop YB-49 airplans,
Figure 3.— The effects of elevon deflection on lift coefficient,

pltching-moment coefficlent, and elevon hinge-moment coefflcient.
1/7~scale YB-49 model. (a) M = 0.L0.

Figure 3.— Continued. (b} M = 0.55.
Figure 3.— Continued. (c) M = 0.65.
Figure 3.— Continued. (&) M = 0.70.
Figure 3.— Concluded. (e} M = 0.725.

Figure k.~ The effects of elevon deflection on 1ift coefficient and
pitching-moment coefficient with the elevon rigiély restrained.
1/7-scele YB-k9 model. (a) M = 0.70.

Figure 4.— Continued. (b) M = 0.725.

Figure L4t.— Continued. (e¢) M = 0,75.

0. 775.

Flgure 5.~ Tufts on the YB-19 semispan modsl. o = 20,

Figure 4. Concluded. (d) M

Figure 6.,— Tufts on the YB-49 semispan model. o = LO,

Figure 7.~ The effects of compressibility on 1lift coefficient,
pitching-moment coefficient, lift-curve slope, and longltudinal
stability. 1/7-scale YB-49 modsl.

Figure 8.— The variation of elevon deflection and elevon hinge—
moment coefficient with indicated airspeed for balance.
1/7-scale YB-49 model.

Figure 9.— The variation of plitchling-moment coefficient and elevon
hinge-moment coefficient with elevon deflection. 1/7-scale
YR-4i9 model. (a) M = O.k.

Figure 9.— Continued. (b) M = 0.55. ;
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Figure 9.— Continued. (c) M = 0.65.

Figure 9.— Continued. (4) M = 0.7O.

Figure 9.— Concluded. (o) M = 0.725.

Mgure 10.— The variation of pltchling-moment coefficient with
clevon deflection with the elevon rigldly roeetraincd.
1/7-scele YB—49 model.

Fgure ll.— The variation of piltching-moment coefficlent with
trim—flap deflection. 1/7-scale ¥YB~49 model. (a) M = 0.LO0.

Figure 1ll.— Continued. (b) M = 0.65.

Figure 11.— Continued. (c) M = 0.725.

0.75,

Figure 11.— Concluded. {d) M

Figure 12.— The effects of campressibllity on the effectiveness
of the slevon and the longitudinal trim flap. l/ T-scale
YB-U49 model. &g = 09, By = 0°.

Figure 13.— The variation of drag coefficlent with 11ft coefficient
at several Mach numbers. 1/7-ecale YB-49 model.
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(b) Front view.

Figure 1.— The l/ T—scale semlspan model of the YB-49 airplane mounted
in the Ames 16—foot high-—speed wind tunnel.

NATIONAL ADVISOR FO! NAUTICS
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